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• 'CIt NT IKI E AND C N G I N E C R

mii ;•'.'/(!
9 January 1973 TCtt1'1

Mr. tester F. Moycr
Delaware D i v i s i o n nf Envi ronmental Control
Water Pol lutien Suction
Tatnall Building
Dover, Delaware 19901

Dear Puffy;

Enclosed is a cony of our latest report on the ground water
p o l l u t i o n s i t uation at the Llf.ngol Icn L a n d f i l l in New Castle County.

• proposed work outlined at the end of the report w i l l begin the
of January 15th with d r i l l i n g and testing of potential leachate

i.-!wiM'y wells between the l a n d f i l l and the Artesian Water Company
well f i e l d , Mease c!o not hesitate to contact me w i t h your comments.

Sincerely yours,

Mi enrol A, Apgar

P,5, I have also attached a tabulation of our water analyse!, results
on the saqJos you collected at Llangollen with Roger Gresh and
Itrk Horncr on Deccr.-.'jcr 19th. W e l l s DC l'i-13 and DC J'l-t are
oliterviil ion v.olls be 1 ;-,:-,r,i n;i to, /.-ace Chcmic.il Cursor-.', km.
Their locations are si. own on F i g u r e 3 of the enclosed report,
N e i t h e r vc'll had heen p r e v i o u s l y sawlccl, and I understand that
you had to rush your samples back to the lab and were not

present when the two wells were pumped late that afternoon,

Well l'i-)3 is uncontaniinatcd, because it is probably not in the
leachate flowpnth and ah.o because it is screened in a r e l a t i v e l y
clayey u n i t along which leachate would probably not have invaded anyway.

V.'el 1 2'i-G is s l i g h t l y contamin;iUd--ei ther hy the Unngnllen L a n d f i l l
or the Dolfwarc Sand and Gravel Co. f i l l . If from LI nn;jol len, con-
taminants have moved at least 2000 ft, through the subsurface to date,

I would appreciate receiving copies of your a n a l y t i c a l results on the
other water sa';iplur, collected lluit day, I w i l l need permits for the
propobL'd w i ' l l s to ho d r i l l e d next work. I w i l l be 'r
you in a u.-< d.-.yii wn.'ii the t/.-.t M a r t i n i ; d.-.U- for dr
f i rpuil up,
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Roy F. Weston Result! of Analyses on Waler Samples
Collected J o i n t l y With DEC on December 19, IS/2,
From Wells' in the V i c i n i t y of the Llangollon L a n d f i l l :

Spec! f Ic
Conductance

We 11 Temperature (umhos/cm) Cl (ppm) Comments

Robelens 61 69 II Clear, odorless

IA 57 90 II Clear, odorless

3A 61 1100 128 S l i g h t l y turbid/
(mi Iky) and
foul odor

DC l'i-!3 56 5'i 6 S l i g h t l y t u r b i d
odorless

DC 2<i-6 57 I/O 30 Gray-brown tinge
with r, 1 ight
t u r b i d i t y , s i i g h t
organic (oily) odor
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CRO'.!fi!i WATFP, Cl'l,'T/,u,IN',TICHI ASSOCIATD WITH HIE
LlA.'iuC'Ll.CH LA.'liH I L L , NEWCASTLE COUIITY, DELAWARE

EXTENT OF C OUT AM I HAT I OH ANO PROPOSED COR R E C T I V E PROCEDURE'S

JANUARY 1973

The Llangollen Landfill was cunstructcd from I960 to 1968 in a depicted sand
and gravel quarry. The l a n d f i l l Is approximately '('too feut long, 250 to 900
feet wide and 30 to JJO feet thick. The location of the l a n d f i l l is shown in
Figure 1,

Hydrogeolociic S e t t i n g
The sand excavated from the quarry was Pleistocene age. In the Llangollen area
these sands, knov/n as the Columbia formation, form a nearly continuous surficlal
cover up to 60 feut In thickness. The base of the formation ranges from about
.10 feet above to 20 feet below neon sea level in the v i c i n i t y of the l a n d f i l l ,

/
Tilt miller l y i n g Potomoc Formation consists of stream-deposited unconsol idoted

.sands, s i l t s and clays of Lower Cretaceous Age. The sand u n i t s are channel-
, shaped, with extensive inlerbeddcd lenses of clay and s i l t which accumulated on

ancient floodplains. The Potomac Formation thickens and dips towards the southeast
at approximately <iO to 1'iO fec-t per n i l e (uppermost and lowermost beds respect-
ively) in the study arefi.

Pydrologically the g e n e r a l l y cotiv.r Columbia deposits serve as an i n f i l t r a t i o n
i!ii.! r'.'-.hut'ge u a l l e r y for the Potoi.iac sands: Ground water in the Potfmac sands

becomes confined (artesiur.l bcrif.r-th r e l a t i v e l y impermeable beds of clay and s i l t
as It travels seaward down dip in the formation. The approximate thickness of
the Potoiaac confining u n i t s i m m e d i a t e l y beneath the Columbia sands arc shown In
Figure ?., Immediately beneath the l a n d f i l l these clay arid s i l t deposits are
shallow, t h i n or--in the area ofl the southeast corner of the fiI I--absent.

L a n d f i l l construction in the open pit proceeded from east to west. Refuse
covering operations weru conducted by the quarry operator, using the quarrying
equipment which was already on the s i t u . Nearly all I n t c r n i t t e n t cover m a t e r i a l
was obtained w i t h i n the pit fron waste p i l e s and s i l l a t i n n basins. As time pro-

./ yrcssecl, cover r a t e r i ; . ! ,:\ a l a n d f i l l s|u,cc bec.-me c r i t i c a l l y dfnliflft-'-B' wiUiQl/cin

which encourage:! dcrnvr ef cava: icn cm the \R:.lern end o! the D i t . T h i s excavation

removed !iio'-~f.i,'! in ;• fi."./ r I .<' '. iirohahly .••ll--of tin- toil! Ininij clay on top of
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the Polomac Sends. Such conditions permitted direct access to the Potomac
sands by leachalc from the l a n d f i l l .

Ground Water Movement ' ;;
Under natural conditions, water entered the Potomac sands where they subcropped
beneath the permeable Pleistocene sediments. This water moved slowly downdip
In the formation to be discharged to the Delaware Estuary or A t l a n t i c Ocean by
vertical leakage, However, the rate of ground water movement has been greatly
accelerated locally by heavy pumpage by the toco Chemical Corporation
(about 2,5 mgdl and the Artesian Woter Company (about 'i,5 ngd). The locations
of both these well f i e l d s arc shown on Figure 3.

In August and Scot ember, 1972, 10 test w e l l s were d r i l l e d to different depths
at ') locations in the v i c i n i t y of the l a n d f i l l , During October and November,
iK ,•'.'!i l imuil test borings were mode and completed with piezometers for water ,
•Uu ! Pi'jasuronent. A generalized pieaornetr ic map of the Potomac snnds u t i l i z i n g
tiala from measurements iv.ado in these; wells and a few i n d u s t r i a l observation
w e l l s in September and Dcco^Ur, 1972, and the major production wells in
September is shown in Figure 3. The; t h e o r e t i c a l d i r e c t i o n of ground water
movement (shown on the figured is perpendicular to the pie?onetric contours.
However, In a c t u a l i t y , ground wsle.r w i l l tend to move along the sand and
g r a v e l - f i l l e d channelS'-ovonues along which the p e r m e a b i l i t y is greatest.
Unfortunately, both the piezorctric gradient and the perir.'jablu channels trend

1 -.ow.>r.:'s the high copac'ly pumping w e l l s , .

The average rote of movcnrnl of ;i slug of water through the aquifer, con be
approximated by the expression:

(I) V = Kl,
where V = overage apparent v e l o c i t y

K c c o e f f i c i e n t of p e r m e a b i l i t y of the media
I = liydraul ic gradient

The maximum coefficient of perroaM I i ty along the PotnniC'C channel deposits Is
2

pruUi'ily on tlic order of 1000 ciud/f-i ' (the p e r m e a b i l i t y of a clean, fine gravel),

A R I O O O I O
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The pie:'o;retric gradient increases inwards the pumping w e l l s such that the
velocity of a slug of water w i l l increase as the w e l l s arc approached,

The approximate time required for water to move along it;, flow path can be
calculated from the equation:

(2) t-4,
where t u travel time

d = length of flowpath
v = average apparent velocity

Approximate flow veloci t i c s and travel tinier, of ground water moving from the
landfill to major pumping wells are listed In Table I. These values hove
been calculated from Equations I and 2 (above) assuming a constant coefficient
of permeability of 1000 gpd/ft .

Jli'.'v i - " i i l l 5 represent raxircuM ground water v e l o c i t i e s and minimum travel
times, Actual rales of flow w i l l be lower where the p e r m e a b i l i t y of the
. 2
•nconsolidated media is less than 1000 gpd/ft'. The coefficients of permeability
of most of the sand encountered during test d r i l l i n g is estimated ct closer to

r> 2
500 gpd/ft', although son-e gravels had K's of at least 1000 gpd/ft .
Contaminants from the l a n d f i l l which enter the aquifer w i l l move most r a p i d l y
along the coarsest d e p o s i t s , w h i l e simultaneously spreading throughout the less
permeable sections of the aquifer.

'ihf; calculations in:Mc,M<; that contaminants leached from the l a n d f i l l would
reach Anoco fell PW-2 in six ami a h a l f years. This w e l l has been in production
since 1962 so that the gradient between the well and the l a n d f i l l has probably
cxlsteil s i m i l a r to the present s i t u a t i o n for more than the calculated travel time,
Thus, If the assumptions behind the calculations are correct, contaminants should
already have reached the w e l l . However, contaminant travel may have been retarded
by sands of r e l a t i v e l y low p e r m e a b i l i t y and/or the absence of a d i r e c t channel
connection between the sands under l y i n g the l a n d f i l l and those from which water
is being withdrawn, In a d d i t i o n , fresh recharge could gain access to the
f'otor.ac sands midway along the flowpalh in the area where the confining beds

A R I O O O I 2
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TABLE I ESTIMATED GROUND WATER VELOCITIES AND TRAVEL TIMES BETWEEN THE '•%;:
LI.ANGOI.LEN LANDFILL AND MAJOR PRODUCTION WELLS IN THE V I C I N I T Y <r

L a n d f i l l to Amoco Chemical Corp, Hell PW-2 (Flowpath Length = 3360 ft,):

Flowpath Section I Averatio V Average (fj/d) Approximate1 1 (Days)

L a n d f i l l - 960' .013 1.73 555
960'-2'iOO' .Ol'i 1.86 77'i

?'i.iri-jf:foi ,021 2.80 171
. :'• ' ' - i i i c 1 .o'i2 5.60 '13
' '. '-3360' ,083 11.0 _22.

I565d='t,29 yrs.

L a n d f i l l to Artesian Well Co, W e l l E-2 (Flowpath Lemilh <= 3350 ft,):

FI owpath Section I /lyorapc V Ave rage ffl/(l^ Appro* I rate I (Days)

Landfi 11- 720' .007 0.93 77'i
720'-I360' ,00ft 1.07 593
1360' -1920' .009 1,20 '167
1920'-2?20' ,013 1,73 ;)62

, 2720'-3000' .036 li.eo 58
v '-3150' .067 8,93 17

' 3I5("-3350' .100 13.3 15
239ltJ=6,55 yrs,

L a n d f i l l to Artesian Wc-ll Co, W e l l ;'/7 (Flowpath Length ~ 3000 ft,):

Flownath Section I Ayorarie V Averfitic (ft/cl) Atiproxinintc1 t

Landfill-10501 ,008 1,07 961
I050'-2IOO' ,010 1.33 789
2IOO'-2800I ,OI'i 1.87 37)1
2Rr'r)'-3C)00' .033 'i.'iO JiD

2189(1=6.00 yrs.

ARI00013
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a'-c absent, llius irnrovinp the q u a l i t y of water reaching the v a i l . At present,
some of t h i s area has been covered by the Delaware Bond t Grovel Company
l a n d f i l l (which can be expected to contribute contaminants to the Potomac aquifer).

The Artesian Water Company lies operated large capacity wells at Llangollcn
Estates since 1953, gradually expanding the number of wells and amount of
pumpage to present. W e l l 7 was constructed on the eastern edge of the old
well f i e l d in 1969, It is the only wall in the old well f i e l d s t i l l In
regulfli use. The other old wells were replaced by the new we 11 f i e l d (including
Well E-2) to the cast which went into service in 1971. Thus, the steep
plezometrlc gradients towards these w e l l s arc a recent development, and projected
contaminant travel tir.-.cs must be extended to account for this condition.

Extent of Ground Water ContpMnatinn
Hit .. i'.-»:ir.ate extent of con I a*, in f i l l on in the l a n d f i l l v i c i n i t y has been ,•
dt: ,:ii,i;d on the basis of analysis of water samples collected from virtually '
all of the w e l l s in the l a n d f i l l v i c i n i t y in August and September, 1972 and
i
water q u a l i t y interpretations of geophysical logs run in the lest borings
during October and llovenibcr, 1972. The results of water analyses arc l i s t e d in
Table 2, L a n d f i l l Icachatc hnd affected soir.e w e l l waters m a i n l y as objectionable
taste and odor with only s l i g h t increases in dissolved solid;, and dissolved
oxidi liable m a t e r i a l , w h i l e in a few cases, dissolved s o l i d s and chemical oxygen
demand were extremely h i g h end odor was overpowering.

luCi.i ii'-is where ground water contamination has been proven or is suspected
are shown in figure 3. The figure indicates that contaminants have, in certain
places, already travelled past the 'est holes most distant from the l a n d f i l l .

It Is estimated that contaminants may be about 2000 feet along the flowpalh to
Artesian Water Company Well [-2. If so, the contaminants can ho expected to
reach the well w i t h i n <|OC-$00 days. Contaminants may also have moved more than
2000 feet from the l a n d f i l l pnst the R e n i ' w e l l , but reference to the plexomctrlc
mtp makes It appear that t h i s m a t e r i a l is also moving towards the new well f i e l d ,

ARI 0001 4
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The present high rate of Icachate generation and migration from Uie Llangollen
L a n d f i l l must be c u r t a i l e d immediately. The longer corrective procedures are
delayed, the greater the quantity of leachate which must Le recovered and
treated and the greater the volume of aquifer contominflted--and the greater ••
the expense. Thus, starting in January, 1973, we propose to conduct the
fol lowing work:

1. D r i l l k wells into the l a n d f i l l to monitor and control
woter levels in the refuse.

2, D r i l l 3 test borings north of the l a n d f i l l and I n s t a l l
piezometers to monitor water levels in the Pleistocene
sands and the plezoiielric heads in the Potomac aquifer,

3. D r i l l 'l w e l l s immediately south of the l a n d f i l l to recover
loachate from the Potomac Formation which Is s t i l l close to
nnd concentrated from the l a n d f i l l ,

l|. D r i l l '( well s at the expected furthest extent of leachate
movement towards the Artesian Water Co, well f i e l d s for
contaminant monitoring and/or recovery,

The locations of all the proposed w e l l s and test borings arc shown on Figure 3,

These w i l l s w i l l be pump tested to determine aquifer characteristics nnd water
quality. V,'ells which can recover contaminants from the aquifer w i l l be
designated for that purpose--plnns for the disposal of recovered contaminants
to be developed when the p i c t u r e becomes clearer.

A R I O O O I 7
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•'Nt.' con torn inn I inn has Kvn positively iclont i I led off I he wp'.tcrn end of the

landfill. Hopefully, the.' confining bed", hove no I been breached beneath this

part of the l a n d f i l l , and the aquifer w i l l not become contaminated IHTC. Perhaps
the Artesian old well f i e l d (Well «J) w i l l not be contaminated—at least as long
as the new wull f i e l d continues to withdraw Inrgcr q u a n t i t i e s of water.

Dist r i b u t i n g the present rate of pumpagc over a wider area could reduce the
hydraulic gradient--and rate of contaminant movcmcnl--towards the new well fleN^iy^.
This could be accomplished by p u t t i n g a well at the western end of the old well
field (perhaps Well i!2) back Into production while cutting back on the pumping
rotes of Wells E-2 and i;-1, Although this would allow more time for contaminant
Interception, such a procedure would result in contamination of a broader portion
of the aquifer than is expected under present conditions,

Amoco Well PW-2 has higher than background concentrations of chloride and
chemical oxygen demand. These parameters, w h i l e not present in sufficient
concentrations to be troublesome may have originated at the l a n d f i l l , Water
quality in t h i s well is expected to deteriorate, especially because (;>s previously
mentioned) leachate from the Dolav/are S.--nd and Gravel Co, should enter the sandy
part of the aquifer, v.'iich once served as an infiltration gallery for fresh recharge,
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